Purpose: To evaluate the potential of iterative reconstruction for reducing the dose given to the patient during abdominal CT scanning. Materials and methods: A double abdominal CT scan acquisition (Somatom Definition AS+ Siemens) performed without contrast administration at -30% and at -70% of the doses (mAs) was compared to the standard acquisition in 10 patients. The raw data were reconstructed by filtered back projection (FBP) and using the SAFIRE iterative reconstruction method (five levels of iteration). The signal, noise, signal-to-noise ratio (SNR) and the contrast-to-noise ratio (CNR) were compared for three regions of interest, including the kidney, psoas and abdominal fat. Results: The signal in each region of interest was not modified based on the type of reconstruction. The noise level decreased significantly during the passage from the FBP to SAFIRE, as well as with the increase in the SAFIRE level. The SNR and CNR therefore increased with the use of iterative reconstructions. The increase in noise observed between the acquisition at -30% and that at -70% was compensated by the use of higher SAFIRE levels. Conclusion: Iterative reconstructions can be used to improve the SNR and CNR at a constant dose or to reduce the dose by keeping the same SNR and CNR on abdominal CT images. © 2013 Éditions françaises de radiologie. Published by Elsevier Masson SAS. All rights reserved.
at a given angle, corresponds to a projection. For each CT image, all of the projections obtained for the different angles correspond to a sinogram of the CT image. In order to obtain an image that is as close as possible to the real object, all of the sinograms of the explored volume are sent to calculators to reconstruct the images. The simplest reconstruction method is retroprojection. It makes it possible to go from the signal of the projections, the Radon space, to the spatial domain corresponding to the image. It consists of spreading the signal of each projection in all of the pixels, which make up the image. This technique leads to the appearance of a blur, characterized by a star-shaped spreading artifact, causing a loss of information for high frequencies. To compensate for this artifact, filtered back projection (FBP), a fast reconstruction method available in all CT scan machines, is used. This method uses the application of different convolution filters in the real space. The difference between these filters is the variation in noise and spatial resolution. The more the filter is called ''hard'', the more the spatial resolution increases and the more the noise in the image is amplified. This process is inversed for filters that are called ''soft''. These different filters are applied based on the explored anatomical regions or the diagnosis being screened for. However, FBP, which is currently the most commonly used reconstruction method for CT scan, has drawbacks. Many approximations are unverified in practice, due to the absence of taking into account statistical fluctuations and physical disturbances. The data obtained are noisy and under-sampled.
The iterative reconstruction method, which is the reference method in nuclear medicine for the reconstruction of images, is starting to reappear with CT scans. These reconstructions were possible in nuclear medicine or with the first CT scan machines because the data were less voluminous to process with the calculators. With the improvement of performances of computerized tools as well as the prior reconstruction of data acquired by FBP, the data calculation time, in principle, no longer poses a problem for CT scans with the currently marketed solutions. This reconstruction method is based on the idea of the sinogram, like for FBP [2, 3] . Unlike FBP, it takes into account statistical fluctuations and physical disturbances. The iterative algorithms allow for better quantitative estimation. They work by successive approximations to determine the solution that is the closest to the real object. At each iteration, a new estimation of the CT image is performed. Unlike FBP, iterative reconstruction allows us to separate noise and spatial resolution. It improves spatial resolution in the zones where the contrasts are highest, and reduces noise in the zones with low contrast, which makes it possible for the user to carry out scans with lower dose levels or to obtain a better image quality with the same radiation. Their disadvantage for the radiologist is the modification of the image in terms of the visual result related to the smoothing of the images. Each manufacturer offers algorithms that vary by their use and the way they function. Certain reconstruction algorithms use iteration loops in the raw data domain, others in the image domain, and finally others use iteration loops in both domains. Siemens with Sinogram Affirmed Iterative Reconstruction (SAFIRE) and Philips with iDose 4 (iterative Dose) are presented in the form of iteration levels. Adaptive Statistical Iterative Reconstruction (ASIR) by General Electric applies a percentage of the iterative method compared to filtered back projection. Finally, Toshiba markets Adaptative Iteration Dose Reduction (AIDR), which works by automatic setting and AIDR 3D, which offers three levels of selection: strong, mild and standard. The objective of our evaluation was to study the influence of an iterative reconstitution method on the signal, noise, signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) in the image so as to consider dose reductions for future scan acquisitions.
Materials and methods
With a SIEMENS SOMATOM Definition AS+ scanner, composed of a 64-detector bar, the proposed iterative reconstruction method is called SAFIRE (Fig. 1 ). This method is an improvement on the previous version, IRIS ''Iterative Reconstruction Image Space'' and has two correction loops. A first correction loop is made in the raw data space. Using the FBP reconstructed image of the measured projections, a ''ray tracing'' is applied. This is the ''re-projection'' step. New projections are calculated using the reconstructed image. The differences between the measured projections and the calculated projections allow us to obtain a new sinogram that corresponds to the corrected image. A second correction loop is applied in the image space. The corrected image from the first loop is re-projected. The projections obtained are then corrected using successive iterations that update the image. The noise and the artefacts are reduced by correction of the geometric imperfections of the initial reconstruction. The loop ends when the level of noise of the obtained image corresponds to that of the level of the selected iteration. The SAFIRE system has five levels of iterations that differ in the selection of the filtering intensity. The higher the SAFIRE level, the smoother the image and the lower the noise in the image. No clinically significant difference in acquisition time has been observed between the different levels of iterations in the reconstruction of CT scan examinations.
In order to check the impact of the iterative reconstructions and whether or not they could be put to regular use, ten patients who needed to undergo an abdominalpelvic CT scan examination were studied with a double abdominal acquisition without injection and without extra radiation compared to the usual acquisition protocol. Using the scoutview, a double sequence was carried out wherein only the mAs was changed as an acquisition parameter. The first sequence was acquired with a number of mAs reduced by 30% (180 mAs to 125 mAs) and the second acquisition with a reduction in mAs of 70% (180 mAs to 54 mAs). The doses received by the patients were then almost equivalent to the one proposed initially. The raw data of the two acquisitions was then reconstructed with the FBP and the five levels of SAFIRE (S1, S2, S3, S4 and S5) and an average filter (B40f or I40f). The regions of interest (ROI) were positioned on the left kidney, the psoas muscle and the fat to study the signal obtained (Fig. 2) . The evaluation of the CNR was carried (Determination of the contrast to noise ratio using regions of interest compared to the abdominal aorta).
Results
The column analysis in Table 1 shows that the signal is not modified between the FBP and the different SAFIRE levels for the three regions of interest, regardless of the dose. The passage from FBP to SAFIRE results in a decrease in noise in the three regions of interest for the acquisitions carried out. On average, the noise decreases by 11% between the FBP and S1. This reduction in noise is greater with the increase in iteration levels (12% between S1 and S2 and 18% between S4 and S5). As the signal was stable and the noise decreasing, the SNR increases the SAFIRE levels even more. The CNR is improved with the increase in the SAFIRE level.
The comparisons between the acquisitions of 30% and 70% dose reduction (4.99 mGy initially to 3.44 mGy for a 30% reduction in mAs and 1.52 mGy for 70%) from the reduction of mAs showed a considerable increase in noise in the image for the same level. The noise increased by 65% on average for the left kidney and 63% and 48% for the psoas muscle and fat, respectively. The signal for the same level is increased by 15% for the left kidney, although it remains constant for the psoas muscle and fat (2% variation). The SNR and CNR are decreased between the two acquisitions from 50 to 65% and 30 to 45%, respectively.
The comparative analysis between S2 at 30% and S5 at 70% shows that the results of the signal, noise, SNR and CNR are relatively equivalent regardless of the region of interest. The 70% S5 reconstructions allowed us to obtain images that were equivalent in signal, noise, SNR and CNR compared to 30% S2 for a reduction of 1.92 mGy of the CTDIvol.
These data are found in the images of Fig. 2 , with a visual difference related to the smoothing of the image. This smoothing of the image is observed when the SAFIRE levels are increased, which is a characteristic that is specific to iterative reconstruction methods.
Discussion
This first approach for the evaluation of SAFIRE iterative reconstructions highlights two points of interest of these iterative reconstruction methods, that is to say, both qualitative and quantitative. The first point of interest is that we are be able to reduce the noise of the image for the same administered dose. The SNR and CNR are therefore improved with the increase in SAFIRE levels. The second point of interest is that we are be able to reduce the emitted X-ray dose, particularly mAs [4] , while keeping the SNR and CNR stable. The increase in noise caused by the reduction of mAs is compensated for in the image by a higher SAFIRE level. The results of the 10 patients show that the decrease in Figure 2 . Transverse axial CT image in filtered back projection (FBP), S2 and S5 of a patient for the acquisitions with 30% (a, c, e) and 70% (b, d, f) dose reductions, with 4 regions of interest on the left kidney, the abdominal aorta, the fat and the psoas muscle. Visualization of the smoothing of the image with an increase in the Sinogram Affirmed Iterative Reconstruction (SAFIRE) level. The signal, noise, signal to noise ratio (SNR) and contrast to noise ratio (CNR) are equivalent between S2 at 30% (c) and S5 at 70% (f).
noise is confirmed with the increase in SAFIRE level. The quality of the image obtained with a 30% dose reduction is very close to the images that are generally obtained. With the acquisition at a 70% dose reduction, the image is noisy at low SAFIRE levels. However, the SNR and CNR can be improved by using higher iteration levels. Therefore, the level of noise, SNR and CNR in the three regions of interest for the reconstructed image with a 70% dose reduction in S5 correspond to those present in the image with a 30% dose reduction in S2. A degradation of the acquisition parameters causing a dose reduction is therefore compensated for by iterative reconstruction methods.
The recent availability of iterative reconstruction methods in CT scanning has a clinical utility that no longer needs 30% represents a mAs reduction from 180 to 125, i.e. a dose reduction from 4.99 mGy to 3.44 mGy. 70% corresponds to a reduction from 180 to 54 mAs, i.e. a dose reduction from 4.99 mGy to 1.54 mGy. FBP is filtered back projection; S1 to S5 are iteration levels of the SAFIRE iterative reconstruction method; the noise and the signal in HU are values of the three regions of interest placed on the psoas muscle, the left kidney and the fat. The SNR is the signal to noise ratio. The CNR is the contrast to noise ratio, for which the abdominal aorta is the reference. The tension (100 kV), collimation (128 × 0.6 mm), pitch (0.8), reconstruction filter (B40f or I40f) and reconstruction thickness (2 mm/1 mm) were set for the two acquisitions.
to be demonstrated [5, 6] . Using different image processing methods, iterative reconstruction algorithms make it possible to improve or maintain image quality with lower radiation. They cause a noise limitation, a reduction in artefacts in hyperdense structures, a conservation of spatial resolution or contrast while making it possible to administer a dose of rays that is far lower (between 40% and 60% depending on the anatomical region). However, more in depth studies must be conducted to quantify the impact of the smoothing of the image between the SAFIRE levels on the spatial resolution and the quality of the diagnosis.
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